. The National Human Exposure Assessment Survey NHEXAS provides a rich database of exposure and environmental measurements for persons living in Ž . Ž . EPA Region V Great Lakes . Demographics e.g., gender, minority status, age, income, and year home built between U.S. Census data and the overall Region V sample were compared and showed good agreement. This representative sample was used to conduct an exploratory investigation of selected Ž . subpopulations that might exhibit higher exposures, on average, to volatile organic chemicals VOCs such as benzene, chloroform, etc.; inspirable Ž . particles; and metals e.g., lead, arsenic, etc. than the general population in Region V. Means and medians were the metrics of comparison. Personal air Ž . Ž . Ž exposures for p-dichlorobenzene were significantly higher in adults ) 21 years old than in children 1-14 years old median: below detection limit vs. . personal exposure to 1,1,1-trichloroethane tended to be higher in nonminorities mean: 22 vs. 3.7 mgrm , p s 0.081 . Dietary exposure to arsenic from Ž . solid foods was significantly higher in adults than children mean: 21 vs. 7.1 mgrkg, p s 0.0001; median: 10 vs. 5.6 mgrkg, p s-0.001 , and for Ž . cadmium it was higher for nonminorities than minorities median: 18 vs. 15 mgrkg, p s 0.023 . In contrast, the dietary intake for arsenic, which is based Ž y1 y1
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Introduction
In the early 1990s the premise that environmental exposures are distributed unequally across subgroups of the Ž general population gained national prominence Gore, . 1992; Baucus, 1993; Lewis, 1993 . Reports have suggested that a disproportionate share of environmental exposures to toxic agents is borne by disadvantaged subpopulations, Ž such as the poor, uneducated, and unemployed Bullard and Wright, 1986 , 1987 Graham et al., 1992;  . Sexton et al., 1993b . These disparities may be related to Ž socioeconomic class and ethnicityrrace Sexton et al., . 1993b . Most of the studies that document disparities are observational in nature and rely on statistical associations between demographic characteristics of populations and Ž . indirect surrogates for exposure Sexton et al., 1993a , such as proximity to pollution sources and ingestion of greater amounts of contaminated food and beverages Ž . Calderon et al., 1993 . Even though anecdotal and circumstantial evidence suggests that environmental exposures vary by class and race, there has been little scientific information based on direct characterization of exposure Ž for individuals in segments of the general population Sex-. ton et al., 1993a . The direct measurement of exposures, doses, and effects in potentially-at-risk subgroups and the general population would substantially improve the under-Ž standing of risks for all citizens Sexton et al., 1993b; . Sexton, 1995 . The NHEXAS design provides a rich database of environmental measurements for people selected on a probability basis from EPA Region V and for making inferences to Ž . that target area Pellizzari et al., 1995 . The database permits an assortment of hypotheses to be tested and furnishes data for developing and assessing the utility of Ž . models Pellizzari et al., 1995 . Because the survey sample is representative of the region's general population, it is possible to examine selected population subgroups and to compare their exposures to the general population.
An objective of this exploratory investigation was to assess whether certain subpopulations exhibit on average, Ž . National human exposure assessment survey NHEXAS : exploratory survey of exposure among population subgroups in EPA Region V Ž . higher exposures to volatile organic chemicals VOCs and metals than the general population. The following hypothe-Ž . ses were of interest: 1 children arerare not exposed to Ž . higher levels of VOCsrmetals than adults, 2 minorities arerare not exposed to higher levels of VOCsrmetals than Ž . nonminorities, 3 lower income segments of the population arerare not exposed to higher levels of VOCsrmetals Ž . than higher income segments, and 4 indoor VOCsrmetals arerare not higher in older homes than newer homes. This paper presents the results of this investigation and the testing of these hypotheses.
Methods

Study Design
Study area and population The target population selected Ž for study was the EPA Region V Great Lakes area Figure  . 1 , which includes Minnesota, Wisconsin, Michigan, Illinois, Indiana, and Ohio. This region has a relatively large population with a proportion of races and ethnic groups, socioeconomic distribution, and other demographic charac-Ž teristics similar to the national profile Pellizzari et al., . 1995 .
SurÕey design
The survey design has been previously Ž . described in detail in Pellizzari et al., 1995 . A stratified, four-stage, probability-based design was implemented. The first-stage sample involved 32 primary sampling units Ž . Ž . PSUs usually counties , selected with probabilities proportional to 1990 Census counts of occupied housing units. Ž These PSUs were grouped into four analysis strata temporal categories indicating when data collection was sched-. uled . Highlighted in Figure 1 are the counties that were Ž randomly selected. Three or four sample areas area seg-. ments defined by Census blocks were selected within each sample county as second-stage units. A simple ran-Ž . dom sample of 24 housing units the third-stage units was fielded in each segment. Nine participants were selected at the fourth stage within each PSU. This sampling method permitted approximately equal person-level probabilities of selection, even though there were unequal numbers of persons in the sample households. Field sampling was performed from July 23, 1995, to May 30, 1997, moving from county to county in a serpentine fashion throughout the six states, making two passes through the region during the 2-year time span.
Media Sampling and Analysis Procedures
A variety of personal and environmental samples were collected in Region V. These sample types included per-Ž . sonal and outdoor air VOCs, particles, and metals , stand-Ž . Ž . ing and flushed tap water metals , drinking water VOCs , Ž . Ž . food and beverages metals , and dust metals . The individual metals and VOCs measured in these samples are listed in Table 1 . Protocols were used to guide the sample collection, storage, and shipping of all samples during the Ž . field study Pellizzari et al., 1995 . Analytical protocols, or standard operating procedures, were followed for the analysis of samples. The collection, analysis, and quality con- 
a Eleven additional VOCs were measured in drinking water; however, none were detected in samples.
trolrassurance procedures used in this study are described Ž . in Pellizzari et al. 1995 .
Data Analyses
Data analyses involved generation of weighted summary statistics for exposures and for environmental concentrations. Weighted statistics were used to estimate target population parameters, such as means and percentiles, of exposure distributions. To generate estimates based on all data from all available visits, two types of combined sampling weights were generated-one for which no ad-Ž justment for time of sampling was used and one referred . to as annualized weights for which such an adjustment was employed. The annualized weights were employed for the analyses described herein. The initial weights for the sample and subsamples were adjusted for nonresponse using weighting-class adjustment procedures; longitudinal models for propensity to respond; and exponential, gener-Ž alized ranking models Folsom, 1991; Kalton and Mali-. galig, 1991 . Population estimates of means, medians, and other percentiles were generated using weighted data analysis techniques. For instance, a population mean for a contaminant concentration would be estimated as ÝwyrÝw, where w is the sampling weight and y is the concentration and where the summation is over those participants providing data on y. Confidence intervals for such population parameters were generated using SUDAAN software in order to prop-Ž . erly account for the sampling design SUDAAN, 1989 . Differences for exposure and environmental mean and median concentrations among age groups, genders, racesrethnicities, income levels, and the year house built were tested for significance. The estimated means and proportions were approximately normally distributed.
Results and discussion
Demographics of Study Population
Demographic distributions for the Census and the study participants providing questionnaire data in Region V were compared and are given in Table 2 . Examining the expected and observed demographics was important to identify potential biases in the sample and to note the number of potential observations in each subgroup of interest.
Ž . Overall, the demographic gender, age, etc. distributions for participants were in good agreement with the Census data. Small differences between the sample and Census were observed for teenagers. The participation rate for Ž . teenagers was slightly lower than the Census Table 2 . The minority category is a composite of white Hispanic, Black, and miscellaneous 'others,' which is the same racial classification scheme as used in the Census. The percentages for all three minority groups were similarly represented relative to the Census. A difference between the survey sample and Census data was observed for reported Ž . Ž . income. The reluctance of participants to provide their annual income can lead to inaccurate assessment of income distribution. In the EPA Region V sample, 25% of the participants did not answer this question. The percentage for each 'year home built' category was in close agreement with the Census. In general, the sample's demographics compared favorably with the Census and was representative of the general population of EPA Region V.
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Personal Exposures Ž 3
Personal air exposures time-weighted average mgrm or 3 . ngrm of pollutant in contact with a person to the metals and VOCs listed in Table 1 were compared between Ž . Ž . children 0-14 years and adults ) 21 years . The mean and median values of arsenic in personal air of children Ž . tended to be higher than for adults Table 3 . For p-dichlorobenzene, the trend was reversed, with exposure slightly Ž . higher in adults than in children Table 3 . Since personal exposure is a function of the microenvironmental air envelope a person experiences and the participant's activity pattern while in the microenvironment, these exposure differences may reflect differences between the two age groups' microenvironments and activity patterns. Examina- tion of questionnaire variables will be necessary to identify the specific explanatory factors for the differences. No other metals or VOCs listed in Table 1 showed a trend in exposure levels between children and adults. The personal air exposures to particles, metals, and VOCs were compared for the minority and nonminority Ž . categories Table 4 . There is a suggestion of a trend that minorities in EPA Region V are exposed to higher levels of lead and benzene than nonminorities, but these differences were not statistically significant. No significant differences in exposure were found for inspirable particles, i.e., particles with an aerodynamic diameter of 50 mm. In contrast, a suggestion of higher exposures to 1,1,1-trichloroethane was observed for nonminorities. Caution should National human exposure assessment survey NHEXAS : exploratory survey of exposure among population subgroups in EPA Region V Pellizzari et al. be exercised, however, in making such comparisons since the number of observations in the minority category is small. No other metals or VOCs listed in Table 1 showed trends of differential exposure levels between minorities and nonminorities.
A comparison was made of personal air exposures to metals and VOCs by income and the year the house was Ž built. For m, p-xylene the two isomers are not distin-. guished during analysis and o-xylene, the exposures tended to be higher for persons in the two upper-income Ž . brackets than for persons in the lowest bracket Table 5 . Since these VOCs are associated with combustion sources, such as cigarettes and automobiles, these results suggest that some subpopulations spend more time in microenvironments containing these sources. Homes built before 1940 yielded personal exposures with significantly higher Ž . levels of lead in the air Table 5 . These results are consistent with the trends in house dust lead levels discussed below.
Since dietary habits can differ between children and adults and between minorities and nonminorities, dietary Ž exposures concentration of pollutant in food ingested in . mgrkg to metals in foods and beverages were of particular interest. Mean and median arsenic exposure levels from diet were clearly higher in adults than in children Ž . Table 6 . However, it is important to note that making this comparison on the basis of intake provides a completely different perspective. Intake is defined as the quantity of contaminant ingested per kilogram body weight per day Ž the actual body weight of the participant was used in . calculating intake for each participant . A comparison of intake between children and adults reveals that the intake of arsenic in children is higher and statistically significant. Ž . National human exposure assessment survey NHEXAS : exploratory survey of exposure among population subgroups in EPA Region V Dietary exposures were compared for the minority and nonminority segments of the population. The data suggest that nonminorities were exposed to slightly higher levels of cadmium in solid foods than minorities, while the reverse trend is suggested for chromium in beverages. Again, intake data for cadmium contrasts exposure. Although the data suggest that dietary habits between the two groups may differ, leading to differential exposures, expressing the information on an intake basis may be more appropriate for such comparisons. A more detailed discussion of dietary exposure and dietary intake is given in a Ž . companion paper Thomas et al., 1999 .
Contaminant LeÕels in Residential Indoor Air
The residential indoor air levels for Pb and inspirable particles were significantly higher in homes of minorities Ž . than those of nonminorities Table 7 . Elevated levels of Pb in the air of older homes leads to increased personal exposures. The higher particle levels may be due to different cleaning practices. The indoor air levels for benzene and chloroform were higher for minorities. The elevated level of benzene is consistent with a higher smoking prevalence amongst the lower socioeconomic and the mi-Ž . nority categories Sexton et al., 1993a . In contrast, the residential indoor air of non-minorities had higher levels of 1,1,1-trichloroethane than minorities. These observations require further study to ascertain the basis for these trends. Figure 2 depicts the mean and median lead levels and . standard errors in dust collected on window sills for each incremental category of years that houses were built. The levels of lead are higher in the older homes with the mean and median progressively increasing from 256r113 Ž . meanrmedian mgrg in homes built since 1980, to 2115r685 mgrg in homes built before 1940. House dust contaminated with lead can be traced to the common use of lead-based paints and leaded gasoline for decades until the 1970s when their use was phased out. Older homes painted with lead-based paint can continue to be a source of lead exposure as the paint weathers and sloughs from surfaces. Outdoor air particulates that were enriched in lead from automobile combustion eventually penetrated into homes as lead-contaminated house dust.
Contaminant LeÕels in House Dust Ž
A similar stepwise trend was observed for lead in surface dust, or dust that was collected on a smooth Ž . surface in the living area Figure 3 . The progression of Ž . lead levels went from 128r93 meanrmedian mgrg to 1075r236 mgrg in homes built before 1940. Collection of dust from smooth surfaces in the living area may provide more representative samples for estimating contaminant National human exposure assessment survey NHEXAS : exploratory survey of exposure among population subgroups in EPA Region V Pellizzari et al. loadings in homes than window sills, since the potential sloughing of lead-based paint chips during sample collection would bias the lead levels in dust.
Summary
NHEXAS provided an opportunity to tease out potential differences in exposures between age groups, races, income segments, and house ages in the EPA Region V population. Although the number of observations was small in some of the categories examined, the data suggest that differences exist among segments of the population and that further investigation into these trends is warranted to establish their significance and basis.
